INTRODUCTION
Although aerobes and fungi in the soil of the Antarctica were reported (Ekelof, 1908; Darling and Siple, 1941; Soneda, 1961; Tubaki, 1961; Goto, Sugiyama and Iizuka, 1969; Rice et al., 1975) , few studies on anaerobes have been performed to date (Prevot, 1948; Prevot and Moureau, 1952) .
The author, one of the members of the 13th Japanese Antarctic Research Expedition, stayed at the Syowa Station from January 1972 to February 1973 and collected many soil specimens at places within the area of about 300 km around the Syowa Station and brought them back to Japan. Because the soil specimens were stored for more than one year before cultivation in this laboratory, nonsporeforming anaerobes were considered to be unable to survive and attention was given only to clostridia. 
MATERIALS AND METHODS

201
Mosses can grow on the soil which is exposed only in summer (Matsuda, 1964) . The highest temperature was 3.2 C and the lowest -38 C. The average temperature and humidity throughout the year are -10 C and 65/0, respectively. Soil specimens: Most soil specimens (a handful size) were obtained from 10-20 cm under the surface of the ground that was exposed only in summer (Fig. 3) . The sampling was performed at 31 places (Fig. 4) including rocky areas along the coastline of Lutzow-Holm Bay and permafrost and moraine zones, which are always covered with thick ice and snow (8 to 10-m depth). Mud samples were also taken from the bottom of lakes (5 to 15-m depth) covered with thick ice throughout the year. The thick ice layers were destroyed with a boring machine and soil or mud samples were obtained from the ground or the bottom of the lakes. These specimens were packed in sterilized polyvinyl bags or petri dishes and were stocked in a deep freezer at -20 C until they were brought back to Japan. Then, they were stocked in a deep freezer at -80 C in this laboratory .
Procedures for isolation: Two enrichment media were used; Bacto Cooked Meat Medium supplemented with starch and rabbit serum in concentrations of 0.5% and 10%, respectively, and GAM semisolid medium (Nissui) containing 10% (v/v) rabbit blood. Ingredients of GAM medium were described by Ninorniya et al. (1972) . Five portions (about 4 g each) were taken from a soil specimen and each was further divided into two to prepare suspensions in 10-ml amounts of the two media. After incubation at 37 C for 1, 3, 5, 7 and 10 days, a 0.5-m1 portion of each culture was taken and heated at 70 C to 100 C for 10 to 20 min. Then a loopful amount of the heated as well as the unheated cultures was smeared onto GAM agar and CW agar (Nissui) containing 5% egg yolk or 10% rabbit blood. The formula in grams per liter of GAM agar (Nissui) was as follows: peptone (Nissui) 10g, soya peptone (Nissui) 3g, proteose peptone W (Nissui) 10g, digested serum powder (Nissui) 13.5g, yeast extract 5g, beef extract powder Table  I. 2.2 g, liver extract powder (Nissui) 1.2 g, glucose 3 g, KH2PO4 2.5 g, NaCl 3 g, soluble starch 5 g, L-cysteine HCl 0.3 g, natrium thioglycollate 0.3 g and agar 15 g. That of CW agar (Nissui) was as follows: heart extract powder (Nissui) 5 g, proteose peptone W (Nissui) 10 g, casein peptone (Nissui) 10 g, NaCl 5 g, lactose 10 g, phenol red 0.05 g and agar 20 g. They were incubated anaerobically usually for 24 hr by the steel wool method in an atmosphere of N2 80% and CO2 200 (Ueno, 1964) . Developed colonies were submitted further to serial plate cultures for purification before identification. Consequently, one strain of each species was established from each portion of a specimen. In this way, more than one strain of the same species could be isolated from some of the soil specimens. from moraine, permafrost and from the bottom of the lake which is covered with thick ice throughout the year (Miwa et al., 19%4) . C. perfringens, C. bi f ermentans and C. sordellii were the most predominant species; C. sporogenes was isolated less frequently. As for toxigenicity, only C. Quantitative distribution of clostridia and aerobes in the Antarctic soil (without enrichment culture)
*: 11 soil specimens were examined and C , per fringens were isolated from 8 specimens.
#: Aerobes were differentiated from one species to another only by morphology of colonies and Gram-staining of cells. pert ringens and C. septicum killed mice mostly within 24 hr after intraperitoneal or intramuscular inoculation. No strain of C. bifermentans nor C. sordellii proved to be lethal to mice. The sporulating abilities of the Antarctic strains of C. perfringens, C. bifermentans and C. sordellii were lower than the reference strains and Gifu strains, but the differences were not marked. Table III shows the distributions of clostridia and aerobes in the Antarctic soil quantitated without enrichment culture. Table IV shows those in the soil around Gifu-city. Between the results in Table III and those in Table IV, there  are remarkable differences.  Tables V and VI show the values of MIC of several antibacterial agents on C. perfringens. The values of MIC of TC, OTC and DOTC against the Antarctic strains were smaller than against the Gifu strains.
DISCUSSION
The distribution of clostridia in soil has been studied by several investigators (Zeissler, 1930; Sasaki, 1934; Prevot, 1948; Notomi, 1957; Takagi, 1960) . Their findings seem to be in good agreement in numerical ratios of isolates of each species; C. per f ringens, C. sporo genes and C. bifermentans were most frequently isolated and C. sordellii very rarely. Similar results were obtained in the author's examination of the soil taken around Gifu-city. However, the present study of the Antarctic soil revealed quite a different pattern in the clostridial distribution. The peculiarities of the Antarctic soil were as follows:
(1) C, sporogenes was isolated only occasionally; (2) C. sordellii, which has never been found in the soil in Japan, was isolated very frequently; (3) C. paraper f ringens, which has not been found in the soil in Japan, was isolated (4 strains); (4) Although C. pert ringens was the most predominant inhabitant of soil in both the Antarctica and other continents including Japan, the values of MIC of TC, OTC and DOTC showed differences between them.
These findings do not support the hypothesis (Darling and Siple, 1941 ) that : the soil in Japan, 20 strains ** PC-G : Penicillin-G CER : Cephaloridine CLDM : Clindamycin LCM : Lincomycin the origins of sporulating bacteria in the Antarctica were those transported by air currents from other continents. It was surprising that many clostridia were isolated from the soil samples taken at the places where almost no contamination by human beings or animals was possible (moraine, permafrost and bottom mud of lakes). The origins of those clostridia were not found in this study, but are only imaginable. Although little attention was paid to aerobes in the Antarctic soil, sporeforming aerobes were about one-third of clostridia when the colonies developed on isolating plates were checked for the strict anaerobiosis. Prevot and Moureau (1952) reported that the anaerobes in the French Antarctic soil specimens were not so different from those found in soil specimens from other continents. However, the number of their soil specimens were only eight. Moreover, no strain of C. bifermen tans nor C. sordellii was isolated; the most predominant species were C. caproicum, C. perfringens and C. sporogenes. There must be, therefore, many factors for the discrepancies between their and the author's results.
Taxonomic problems of C. bifermentans and C. sordellii have long been a controversial subject (Nishida, Tamai and Yamagishi, 1964; Brooks and Epps, 1959) . Urease reaction is the only key to differentiate the two species, namely, the reaction is positive with C. sordellii and negative with C. bifermentans (Holdeman and Moore, 1972; McCoy and McClung, 1957; Smith and Hobbs, 1974) . In this study 85% of the strains of C. sordellii were isolated concomitantly with C. bifermentans from the same soil specimen. Thus it may be adequate to interprete this fact as indicating that C. sordellii and C. bifermentans are not two distinct species. This problem will be reported in detail by Nishida and Nakamura in near future.
In view of the extremely low temperatures throughout the year in the Antarctica, there may be psychrophilic bacteria in the soil. However, no effort was made to look for psychrophiles in this study.
